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heating of metals under the action of ultrashort laser pulses is described in terms of two-temperature model 
for the electron gas and the ionic lattice, and spatial-temporal dynamics of excitation and propagation of 
terahertz acoustic oscillations is investigated based on the numerical solution of equations of motion of 
layered media, and two-dimensional plasmonic nanostructures [4, 5]. 

III. CONCLUSIONS 

As a generalization, for theoretical description of thermomechanical phenomena in three-dimensional 
absorbent nanostructures under the action of pulsed laser radiation a technique has been developed for 
numerical simulation of three-dimensional equations of motion of continuous media in the form of Lagrange 
and three-dimensional heat conduction equation. The fields of temperature, pressure, density and velocity of 
the medium have been calculated for different geometries of micro- and nanostructures. 
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I. INTRODUCTION 

At the present time, more and more attention is paid to modeling physical processes in semiconductor 
radioelements operating in the gigahertz and terahertz ranges [1, 2]. With the help of an accurate physical 
model, it becomes possible to predict changes in radiation characteristics due to factors such as 
semiconductor material, doping, supply voltage, and others. 

II. RESULTS 

To study the processes of formation and motion of a domain in a crystal structure, the local-field model of the 
Gunn diode is used, based on the assumption that the average drift velocity of electrons depends on the 
instantaneous value of the electric field, and the diffusion coefficient does not depend on the applied electric 
field [3]. A sequential circuit for switching on a diode with a power supply and a resistive load is simulated. 

To describe the behavior of the domain inside the diode, the intensity formula is used in an explicit form, 
obtained from the Poisson equation for the field distribution: 
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where   – time interval of integration;  (  
 )– diffusion coefficient;   – spatial interval of integration;   – 

absolute dielectric constant of GaAs;    – value of the local concentration of dopants;   – supply voltage of 

the Gunn diode;  – the number of spatial intervals of the diode splitting;   – load resistance;   – cross-
sectional area of the crystal structure of the diode.  

The speed of electrons at adjusted point in space at a given time  (  
 ) is responsible for the nonlinear part 

of the device which is defined as: 
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where   – electron mobility;  sat– the speed corresponding to the saturation of the characteristic with a large 

field;            – the threshold value of the intensity in the field. 

For the equation (1), the Neumann conditions for the boundaries with the diode contacts must be satisfied: 
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At each time step, the field strength is found at all points in space in the diode. Thus, it becomes possible to 
track the movement of the intensity maxima corresponding to the strong field domain. Figure 1 shows the 
graphs of the intensities, which can be used to trace the dynamics of the movement of charges. The maxima 
located on the left side are formed by inhomogeneities, from which generation begins when the supply 
voltage overcomes the threshold field strength. 

 

Figure 1. Change in the field strength inside the diode over time at a constant voltage    

The velocity of domain movement is determined by the change in the position of the tension maxima after 
their separation from the inhomogeneities. For various values of the supply voltage, a graph of the 
dependence of the speed of movement of charges on the supply voltage is obtained, shown in Figure 2. 

 

Figure 2. Change in the velocity of flight of the domain depending on the supply voltage of the Gunn diode 

The resulting graph shows that with an increase in the supply voltage of the diode, the rate of movement of 
charges decreases. This is due to the fact that when a larger external field is applied, the Q-factor of the 
domain decreases, the number of main charge carriers increases, while the inhomogeneity in the diode 
remains constant. For the formation of a new domain, a stronger field is formed, and the effective mass 
increases. 

III. CONCLUSIONS 

The experiments carried out show that with an increase in the supply voltage, the speed of movement of the 
domains decreases, which coincides with the experimental characteristics of Gunn diodes operating in the 
sections after the nominal supply voltage on the slope of the frequency characteristics. 

The shape of inhomogeneities in the crystal lattice with the same width does not affect the formation of 
domains. The rectangular, parabolic and gradient functions of the change in the concentration of dopants are 
investigated. If the function changes more smoothly, then the maximum amplitude of the domain strengths 
will be greater, but the domain will take a little longer to form. The resulting model can be used to calculate 
fields with different loads in an electrical circuit. It is planned to add an LC circuit to the circuit, which will 
allow calculations for different waveguides. This should make it easier to design and debug experimental 
circuits. 
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The resulting model can be used to calculate fields with different loads in an electrical circuit. It is planned to 
add an LC circuit to the circuit, which will allow calculations for different waveguides. This should make it 
easier to design and debug experimental circuits. 
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I. INTRODUCTION 

In the modern world of technology, the speed of development of computer technology is growing rapidly. At 
the same time, the question arises about the limited computer resources, in particular, to which the well-
known Gordon Moore's law is reduced [1]. 

II. METHODS AND RESULTS 

In this work, the following characteristics of microprocessors were taken for analysis: frequency (GHz), 
process technology (nm), number of transistors (million), heat dissipation (W) from 1971 to 2020. According 
to the presented data, a dimensionless analysis was carried out. Based on the analysis, critical levels were 
assessed [2] based on the historical development of microprocessors. A predictive assessment of the crisis 
in the development of microprocessor technologies is made and possible alternatives for solving the alleged 
crisis are proposed (Figure 1). 

 

Figure 1. Number of transistors, million 

III. CONCLUSIONS 

As one of the development options, we can assume an increase in the number of transistors per 
microprocessor, since the limit of the technological process has almost been reached. Also, along with the 
number of transistors, the area of the processor itself will increase. 

REFERENCES 

[1] Moore's Law / A. Skorobov.- Website of the Faculty of Mathematics and Mechanics of USU, 2015. 

[2] V.I. Kuzmin, A.F. Gadzaov. - Models and methods of scientific and technical forecasting: textbook / - 
Moscow: MIREA, 2016. - 90 p. 

 


